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DEVELOPMENT AND DEMONSTRATION OF NEAR-REAL-TIME
ACCOUNTING SYSTEMS FOR REPROCESSING PLANTSW¥

D. D. Cobb, E. A. Hakkila,
H. A. Dayem, J. P. Shipley, and A. L. Baker
Safeguards Systems Group
Los Alamos National Laboratory
Los Alamos, New Mexico

ABSTRACT

A program to develop and demonstrate near-
real-time accounting systems for reprocessing
plants has been active at Los Alamos since 1976.
1ne technology has been developed through model-
ing anu simulation of process operation and
measurement systems and evaluation of these data
uJing decision analysis techniques. Asnects of
near-real=time oystems have beer demonstrated
successfully at the AGNS reprocessing plant as
part ot a joint study of near-real-time account-
\ng.

1. iNTRODUCTION

in 1976, the Los Alanmns Safepuards Svatema
Group nelected the Allied-General Nuclear Ser-
vices Barnwell Nuclear Fuels Piant (AGNS BNFP)
as the baseline facility for a series of studies
t» develop concepts for near-real-time accounting
(NR1A) 1n reprocessing plantsl=7 o addrens
national and international safeguards needs.

The advantages of NRTA svstems are that thev
provide scnpsitive, timely, and localized detec-
tion ol diversion or unexpected and uynmeasured
lusses ot nuclear material from the process ares
ot a nuclear facility without disrupting normal
operativn ol the tacility. This 18 accomplished
by cullecting and analvzing data frum enisting
OF, 11} sOMe cases upgraded, process inslrumen-
tation, In many 1espects, the obj)ectives and
techniquer ol NRIA parallel thure of mproved
process control, making 1t attractive to plant
operators, lhe advantages and the operational
compatibiiaty ot NRTA are currently being demon-
st.ated in a series ol enperiments at the AGNS
BNFP.0-11]

In this paper the Lns Alamos effort to
develop NRTA svetems and to demonstrate in-plant
NRTA sysilems is revieved, The development of
NRTA systems to meet national salepuards require-
menles, the entension of these systems to meet
international safepuards requirements, and the
demonstration of a NRTA system at the AGNS BNFP

*Work supported under tne US Department of
inergy=Oifice of Bafeguards and Security research
and develomment progras.

are deacribed. Future directions and work to be
acconmp.lished in the continuing development of
NRTA systems are discussed.

11. DEVELOPMENT OF NRTA SYSTEMS FOR NATIONAL
SAFEGUARDS

A The Reference Plant MHBA Structure

For these studies, the reference reprocess-
ing plant s divided intec four materials balance
areas (MBAs): fuel receiving and ntorage, chop
and leach area (MBA 1); chemical separatio.s pro-
cess area (MBA 2); uranvi-nitrat= product storage
area (MBA 1); and plutonium=nitrate product
storage area (MBA 4), For better Jocalization
and control, these MBAn can he pubdivided further
inte  subMBAs, referred to as unit-process
accounting areas (UPAAa). The chemical nepara-
tions process area (MBA ?7) can be treated as a
ningle 'PAA (referred to as U'PAA | 2), or it can
he pubdivided into two UPAAs: the codecontamina-
tion-partition proceaa (UPAA 1) and the plutonium
purificatior proceas (UPAA 2). Theae tun UPAAs
are shown in Figs. | and ?, respectivelv. The
flov measurementl separating these two ['PAAx in
nn the |BP stream, which is the first separatca
plutonium-nitrate stream in 'the standard Purex
flow aheet,

l. UPAA | 2-=Chemical Separations Process.
The chemical scparations process MRA is treated
a8 a single UPAA (UPAA ! 2) by combining in-
process 1nvintory and flov measurements to form
a dynamic materials balance " every two davs.
On the average, under normal operating condi-
tions, AI-1/2 accountability  hatchen (%9
tonnes ol uranium fuel) and | product batch
(*%0 kg of plutonium) are processed every day.
Therelfore, procens logic suppestn taking a mate-
riale balance 1 every two days to include an
integral number of feed and preduct bhatchen.
Smaller batches, for example to high-level wvante,
are included in the materiales balances when the
measurements become available. Alternativelv, a
wmaterials balance could bhe taken around UUPAA ) °
alter each feed batch (™ every 9.6 h), {f on-
line flov and conceniration megsurements were

added to the plutonium concentrator product
stroam,




2, UPAA l--Codecontamination-Partitioning
Processes. A separate UPAA (Fig. 1) could be
formed around the codecontamination-partitioning
processes if flow-rate and concentration measure-
ments were added to the intermediate plutonium
product (1BP stream). A dynamic materials
balance can be formed for each feed accountabil-
ity batch (every 9.6 h) by combining measurements
of the concentration and volume of the feed
batch, the zoncentrations and flow rates in the
intermediate product, recycle, and waste streams,
and the intervening in-process inventories in the
process vessels.

3. UPAA 2--Plutonium Purification Process.
Dynamic materials balances could be formed about
the plutonium purification process (Fig., 2), if
flow and concentration weasurements were added
to the aqueous and organic recycle sgtresms. Pro-
cess control measurements of the inventories in
process tanks are available, and the inventories
in the pulsed columns can be estimated by combin-
ing suitable engineering models with available
process data on flow rates and concentrations of
inlet and outlet astreams.}2/13 oOne of two
product measurements can be used: concentratio”
and volume measurements in the plutonium piroduct
sample tank or integrated flow-rate and concen-
tration measurements on the provuct stream of the
plutonium product concentrator.

B. _Materials Accounting Measurements in MBA 2

A variety of messurements are included in
MBA 2 for conventional materials accounting.
These measurements moatly consiat of tank level
and density, along with sampling and chemical
analysis, to determine the reaidual holdup in the
plant at the time of a shutdown, cleanout phvai-
cal inventory. Such physical inventories can
only occur once or twice per vear in a large
reprocessing plant.
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Fig. 1. Codecontamination-partition
proceas block diagram,
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Fig. 2. Plutonium purification process
block diagraw.

Table 1 ghows the additional informatien
necessary for NRTA. Moat of this information ia
already available from existing, or uppraded,
process instrumentation. In a few instancea,
additional instruments are needed, especially for
on-line measurements of concentrations in
atreams. Thesae measurements are obtained hy add-
ine nondestructive meamsurements, such as x-rav
flu rescence or x-ray abrorption-edpge dennito-
metry, to appropriate sampler lines from Lhe
process.

C. Effectiveness of Materials Measurement and

Ac countinj
Table 11 osummarizes the elfec’ .veness of

NRTA in MBA 2, as determined for the reference
process using computer-based modeling and aimula-
tion techniques. A range of uncertaintv (one
materials-balance standard deviation) is given
for the chemical -epyarations process over various
accounting periods, The cases conaidered range
from best-case estimates of pulsed=-column in-
process inventoriea (5%) with two-day recalibra-
tions of feed and product flow and concentration
measurements (to control correlated errora in the
tranafer measurements) to worst~case estimates
of pulsed-column in-process inventories (201)
with no recalibrations of transfer measurementn
over the accounting periods, The diversion-
detection sensitivity is usually quoted ae a
given number times the materiale-balance standard
deviation; for example, 3.3 @ could correspond
to a 93% probability 1 detecting a nignificant
diversion with a false~alarm probahilitv of 3%,
The resulta (n Table 11 clearly indicate the
improved sensitivity to short-term diversmion pro-
vided by NRTA gystema over conventional account-
ing systems.




Measurement Point

HA feed tank

POR stremm

13P stremm

13P surpe tank

2AV strem

204 atrear

A colusmn

JAN strean

3D column

P diluent -wash

3P concentrator

TABLE 1
MEASUREMENTS FOR NEAR-REAL-TIMF. ACCOUNTING TN THF

CHEMICAL BEPARATIONE PRNCESS

Material Description

U, Pu, PP in HNO)y
2.8 g Pu/L

U, Pu, residual PP in orpenic
and WOy, Pu inventory

U, Pu in orpanic, Pu inventory

U, Mu ir orpanice
<€0.] g Pu/L

U, Pu in organic
0.01 g Pu/L

U, Pu, vesidual FP in AND,
400 L/h
3 a P/l

U, Pu, residual PP in HNOy
S a Pu/L

, Pu, residusl FP in aqueous,
organic phases; Pu inventory

v, Pu, residuas) FP in HNOy
%00 L/h
0.1 ¢ Pu/L

U, Pu, trace FP in aqueous,
orgeni. phases, Pu inventory

U, trace Pu in solvent
150 L/h
Trace Pu

U, Pu, trace FP in aqueoun,
orpanic phases, Pu inventory

U, Pu, trace FP in NNy
218 L/h
0.1 g Pu/l

U, Pu in aqueai s, organic
phases;: Pu inverrory

U, trace Pu in snlvent
105 L/n
Trace Pu

Pu in aqueci s phase, trace
Pv in orgenic phase: Pu
inventory

Concentrated plutenium nitrate
2%0 g Pu/l,

fesidual Pu in MOy

Plutonium=nitrate product

3PD strees

)2 L/h

0. g Pu/L
ICP otream

s L/n

%0 a /L
SInventories

in the columne are ostinated from process msasurewents of

Tnetrument Calibdration

Pracieicen Errou
Measurement Type (x 1n) (Y 17)
Volume 1 -
Concentration 1 --
fes Focotnote » 20 -
fee Footnote s n -
Flow rare ] 1
Concentration 10 ?
Flow rate s ]
Concentration 10 ?
Plav rate 1 n.s
Concentratijon 1 0.1
Voalume ] ae
Coneentration 1 --
Volume §=20 -
Concentration
Flov meter ) 1
Concentration 10 ?
flow meter «-2n an
Concentratinn
Flov rate ) 1
Concentration 10 ?
Flav rate 20 -
Concentration
Flow rate L} 1
Concentration 10 ?
Flow rate .20 an
Cacentration
Flow rate ) 1
Concentratine "n ?
Flow rate -0 -n
Concentration
Voluwe (constant) - .
concentration 1.4 --
Flew “ote \ 1
Cancontration 10 ?
Plow rate 1 0.8
Concantrotion 1 0.4

tions in adjacent otremms rombined with enpinsering medels 12,1

Decision analysis techniquen were developed

to analy.¢ the lnrRe
2

NR1A s'stems.lé- The

volume nf data arining from
apgroach

connints  of

using a battery of estimatorn, vesta, and graphic

displase to reduce the data,

eanily recognirable

deacriptora.

on=line,
The

to A few
analvnt

wsen these deacriptiona ro maks Adecisionn repard-
ing the amuunt, location, and timing of sunpected

diversion,

Tl EXTENSTON OF NRTA SYSTEMS FOR IN“FRNATIONAL

SAFFGIARDS

A Inapecter Verification

We have connidered Internatinnal Atemic
Fnergv Apency (TAEA) dnmpector activitien that
Are necennary to verify the operatar’s data for
MRA 2 247 The inapector's verification
dure {n haned nn parindic examinatinn of

proce-
the



TABLE 1II

EFFECTIVENESS OF MATERIALS ACCOUNTING
IN THE CHEMICAL SEPARATIONS AREA (MBA 2)

spgimpine  Mecepigladglence ()
1 balance 1/2 days 2.1=2.4
1 wk 1/2 days 2.5-2.8
2 wk 1/2 days 1.0-3.6
1 month 1/2 davs 4.0-5.7
3 months 1/3 months 7.5-14.0
6 monthe 1/6 months 15.0-24.R
1 yr 1/yr 21.R=57.7

Materinls-balance standard deviations for
accounting periods <l month are based on in-
process inventory measurements while the process
is operating. Materials-balance atandard devia-
tions for accounting perinds > month assume
a shutdown and clcanout physical inventory.

matvrials-balance data for each MBA. The
inspector must veritv that the operator's data
are valid and complete, and that material
unaccounted for (MUF) im sufficiently close to
zero.  Inspector verification activitiea include:
(1) examination of safeguarda=related information
provided by the State in reports and maintained
4l the facility in records; (2) collection of
independent intormation by the TAFA; and (3) rom-
parisons of the information tn ertabliah the com-
pletencss, accuracv, and validity of the Stare'sa
accounting data.

The 1AEA veritication of the operator'n
nuclear materials accounting avatem is based on
vxamination of the materiala  halancesn with
respect to diversion hiddenr hy measurement
uncertaintics and diversion hidden hy falsifica-
tion nf operator's data.

Divernion hidden hv measurement uncertain-
tiea is posmible hecause of the natatintical
uneertainty of the MUF calculatinn, 1t is impor-
tant that measurement unrertainticn he reduced
to decrease tie amount that could be diverted,
but that the estimate of measurement uncertain-
ties b¢ realiatic tuv maintain falee=-alarm raten
at an acceptahle level.

Concerun with Jiveraion hidden by falwmifica-
tion ot operator’'a data fall into thyee catepor-
ITTH

(1) understatement of inputs,

\2) overntatement of outputn, and

(3) ouverstatement of the current inventory.

Lata lalsiticationn are correlated from one
MBA to the adjacent MBAR. Thus, an overstatement
of outputs from one MAA will reasult in an over-
statement of inputa tn the next MBA. Delection
of diversion .n one MBA depends on adequacy of
nalenuards in adjacent MBAmr, and :correlation of
verification activitien among MBAs is important.

B. Key Measurement Points

The inspector must verify each kev measure-
ment point (KMP). He mav participate in the
operator’'s measurement control prorram and emplav
surveillance (both human and instrumental) of the
operator's measurement procedures. The inspector
examines the operator's and his own materiale-
accounting data to obtain an assurance that
diversion has not ocecurred, Continunus TAFA
inaspector presence and on-nite IAFA laharatorv
facilities are anticipated at larze reproceasing
plants.

A complete discussion of KMPs, oetrategic
points, and inspector-verification activities is
given in Ref, 2. A brief discussion is given
here,

1. Tnput Measurementa, The thrae inpnt
measurements tn MBA 2 are the feed acconptakilite
tank, the plutonium product recvecle tank, and the
uranium rework tank. U'nderatatement is a cancern
for the firat two measurement peints, Capven-
tinnal materials accountine in MRAR ) and 4 mav
he inaunfficient to meer thia concern from the
viewpoint of asennitivitv and timeliness, chare-
fore other nafeguards measureas mav be requirnd.
(See Ref. 1 for a dircuas,on af the role of con-
tainment and surveillance in the inteprated safe-
guavds avatem.) Underatatement of inputs at the
accountability tank can result from improper
cnoncentration measurementa or through underatate-
ment of level and denmaitv measaremente,

2. Output Measurements. O:tputa ip MAA "
include recvele to MRA 1, product tranafers to
MBAR 1 and 4, and wante. The output meaaurementn
for which overatatement in of particular corcern
are the high=level liauid wanate (HWW) msmple tank
and the plutonium product sample tanrk.

Overstatement micht  he  aceomplishad  hy
manipulating materiais transferea, hut in a dif-
ferent wav than for understatement., Oyeretste-
ment can resulet if material renpinn in g veeap!
to he measured a aeccernd time. ODveratatement of
wasate m aaurementa ie a cencern if the meanure=
ment limita cannot he ae? aufficiently cleose to
rero, Then renented overatatementa af waare
lonsan mav reault in A nienificant ampunt of
material heing availahle for diverainn,

1. Inventorv Meamurementn, Nueratatermant
in a concern At the felleowine inventory measurn-
wment pointn (sme T'iga. | and 2):

(1) feed adjunt tankn,
(2) AP murpe tank,
(1) HA feed tank,
(4) 3P concentrator,
(%) HS column,
(A) 1B column,
(7) 2A column,
(R} 2B enlumn,
(9) 3A column,
(10) 1IN column, and
(11) IP8 enlunmn,
Meanurements at these points rre used to eptimate
the in-process inventerv for nesr=real=time
materiale acceunting., Diverminon of materin) at




these pointe may be more difficult than at the
flow KMPs because proceas constraints limit the
amount of material cthat could be contained in
these vessels and because removal of material
could result in column or process upset.

C. Effectiveness of Inspector Verification

The inspector's problem of detecting falsi-
tied data and diversion hidden by measurement
uncertainties can be addressed by ap lzving the
inspector's sufficient statiscica.3.?l The
performance of these ontatistics in detecting
abnormalities was evaluated for MBA 2 over a
range of diverted amounts. The analyses assumed
that the operator could falsify the data using
an optimal data-falgification strategv, and that
the inspector either has & measurement method
with wunrertainty comparable to the operator's
method or can verify the operator's measurement
and use it as hia own.

Tahle TI1 shows sensitivities of the
inspector's sufficient atrtistic to a diversion
of 8 kg of plutonium over various time perioda.
1f the inapector uses only his own data in teat-
ing for missing material without vregard to
operator falsification, the sensitivitv of the
inspector's asufficient natatistic to missing

terial meets the TAEA goal for detecting abrupl
diversicn (8 kg ot plutonium in 7-10 days). 1If
the inspector has not independently verified the
operator's measurements, and wishes to use them
in his analysis, then he must use a sgtatistic to
test for Jata falaification as wel!) as diversion
and accent a slightly reduced sensitivit:,

The protracted diversion goal (8 kz in one
vear) cannot be achieved with 95X detection
probability and 5% f.alee-alarm probability hy any
conventional or i1car-real-time gpystem banred on
current or projected technology. This diversion
rate corresponds to 0.052 of throughput for a
1500 tonne/vr plant. This value is unrealisti-
cally low for any current or contemplated nafe-
guards aystem. However, a statc-of-the-art con-
ventional accounting system mhould he mensitive
to the diversion of a few tenths of a »nercent
(20.5%) of throughput over a 1-vr pegiod. The
NRTA component of a state-nf=~the-art accounting
svetem will detect asimilar levela of diversion

TARLE IIT
SENSTTIVITY OF INSPECTOR'S SUFFICTFNT STATISTIC

Detection®

Balan. = Perind (dave)

MBA ¢ 7 0 180 160
With Mo
Falejificatinn 0,97 0.82 0.25% n.20

With Optimal
Falsification 0.94 0.75 0.20 0.17

¥p{version af B kr, 0.05 false-alarm prohabil-
ity.

No., Purpose

TABLE TV

1680 MTNTRUN DESCRIPTION

Special Test Activities

1 Shakedown Program debupeing;
Column inventorv exper-

iment

2 Shakedown/baseline Accumulation of ateadv-
run atate data

3  Announced diver 17 abrupt (hatch) diver-
sions (all parties saionm ranging from § tn
informed of diver- 0,25 kp of urarium:
sion timing) 4 protracred removaln,

each ~f 16=h duratinn
with rates from 0.7 to
0., kg/h of uranium

4 Unannonunced diver- 3 abrunt removala nf
aiona (accounting 0,1, 0,5, and 1.2 ke
perannne) not in of uranium: ? npro-
formed of timine) tracted removale nf

N.% kp/h of uranium,
each V12-h duratinn

h] DOF, contractor
demonatration

U abrupt remaval of
0.75 kp of uranium;

! protracted remonval of
N.85 ke/h of uranium
for 16 h: Calumn in-
ventorv experment

over shorter time periods. Thian meana that the
potential divertor'a stratepv againat the com-
bined accounting aystem is severeiv reatricted,
either to open seizure of nuclear materiale and
facilities or to extremely long-term, lnw-rate,
reneated diversions invalving eomnlex and
difficult=to-maintain concealment atratepies.

IV. DFMONSTRATTON OF NRTA AT AUNS

For acceptahilitv of near-real=time account-
ine, the concepts deacribed ahave miuat he Aemnn-
atrated in a real plant enviropment., A Ffirar
step toward thin demonatratinn is bheing taken in
a joint experimental program heing conductad at
the AGNS ANFP.R-T1

A. Minirun Descrintion

Five minirun experimenta ware performed ar
ACNS during 19R0 with participation hv Lor Alaman
National Laboratorv to demonatrate NRTA and hey
Oak Ridge National Lahoratory to demonatrate
proceas monitoring.?? Tahle IV pummarizea the
purpose and activitien of each of the five runa.

Demonactration of NRTA at ANNS reacuired that
wve dovelop an estimator for pulsed-column in-
process inventories, formulate materialn aceount-
ing strategies, and develop combuter programa tn
acquire and analvze t!.e meamurcment data, We
develaped theae promprame at Lon Alamon and, with
the aupport of AGNS permonnel, implemented them
on the AGNS computer avatem,




The minirun cycle (Fig. 3) consists of four
pulsed-column contactora (2A, 2B, 3A, and 3B);
one packed column (3PS); a product evaporator (3P
concentrator); and seven product, feed, and
blending tanks. Support systems include aqueous
waste tanks, a waste evaporator and acid frac-
tionator, a solvent surge and recycle tank, an
off~gas syastem, and associated process and chemi-
cal distribution syestems. This represents a rood
cross section of routinely used plant equipment.
Unirradiated natural uranium is used in place of
plutonium for the tests.

The normal starting inventory for each run
wag 400-500 kg of wuranium. After attaining
equilibrium, a "process holdup" (pulsed columns,
lines, product evaporator) of about 70-75 kg was
observed, with the remaining material distributed
among product tanks. Acid waste streams were
collected in the acid recovery system throughout
each run without recycle. These streams repre-
sent losses from the system that varied from run
to run, averaging on the order of 100 kg for each
run,

B. Mragurements

M:agurement data from the AGNS process-
control instrumentation, including estiwates of
precision and correlated measurement uncertain-
ties, were received in a data file (ARANGF) everv
hasr. Sample data from the analvtical laboratory
were added tn the ARANGT. file an they hecame
available.

The measurement data included volumea and
concentrations for process tanks and flow rates
and concentrationc for process etreamn. The

k3=

M Bt ] o wan

Fig. 3. AGNS minirun block diagram.

measurement t-pea and locatinns are Bhown in
Fig. 3. The level and density in each af the
process tanka u-~e measured usine dip-tuhe mann-
meters. The dip-tuhe manomerers were calihrated
automatically under computer control ~ once
per shift hv comparison with a high-nrecirion
digital manometer.” The uranpium concentra-
tionAa in tanks and organic procduct atresams were
calculated from on-line densitv, temperature, and
free~acid measurements. Samples vwere taken
periodically for chemical anaivsia from the I1RP
surge tank, the column product streams, the waste
straams, the solvent feed tank, and all feed and
product batches. Flow ratesm nf all organic and
aquecus inlet streams were measured bv process
flowmeters. The 2AF flow rate was measured using
a metering headpot.

C. Analvsis Programs

Three computer prosrams (RADAR, FUNNEL, and
DECANAL) were developed s* lLos Alamos and trans-
ferred to AGNS for analvzing minirun measurement
data. RADAR is a utility code that reads the
measured data from ARANGF and performs minimal
formatting and data checkine. RADAR then writer
the input measurement data file for the FINNFI
program. FUNNFL waa written apecificallv for the
AGNS minirun process. Tt im the executive nvn-
gram that forms materials balances. Tt alsao
allowa the user tn select for analvain data
apanning particular time nerioda and to relect
any of saveral UIPAAR covering different arear of
the nrocean, FUMNFIL calculates eatimaten of the
prlsed -column in-procean inventorv, checks for
uncovered din tubea, flasa unreasonahle menanred
values, and trackas multiple hatch transfera. Tt
alno builds tahlea of the raw measurement data,
which are used to identifv and explain anomaliea
surh an plugred prohee or other faultye mearure-
ment :» For a specified U'PAA and time perind, the
FUNNEI program comhiner the raw meamured valuen
to calculate net transfera, in-praccas inventear-
ies and their ataristical wuncertainties, and
transamita them to the decieion analvaia (DFRANATL)
nackage for analvain,

The anslvais methodn are incorporated in tne
computer program DECANAL,2% which calculaten
nufficient statistica containing all accounting
information, setas dec.nion thresholde. ani com-
pares these astatintica to the thresholds in tenat-
ing for lnanes.14=20 The DFCANAL  output
includes varjous pravchical disaptava, auch as
alarm charta, that indicate the litelihoad and
location of diveraion, and plara of varione ata-
tiaticn that entimate the amount,

Nata from each UPAA were examined hy DNFCANAT,
uRing a two-atep detection/anmerament nrocedure.
In the detection mode, materiala-hrlance and
CUSt™ plete were produced foar aslacted time
intervala, alont with tahlen and oplintr af
measurement dat~ from aelected {natrumentn.
Thene data were acanned for evidence of prohakle
aut)iera or trenda. T1f nignificant laseen of
uraniun were indicated, all the availahle data
were inventigated and =larm charts were prner-
ated, In the anmensment mode, all auhagauencen
of data from adiacent and overlapping "PAAR were
tented at varioua levela of npignificance. The




most significant sequerice of iwnaterials—balances
wag identified, and tre amount, time, and loca-
rion of the apparent loss wvere determined from
that sequence.

D. Pulsed-Column Inventory Estimation

Under normal process conditions it 1is not
possible (or at least not very convenient) to
mescsure the in-process inventory of nuclear
material in the pulsed columns. However, esti-
mates of the in-process inventory can be
obtained, if flow-rate and concentration measure-
ments are available on the column inlet and out-
let streama.

The systema studies of near-real-time
accountingl+2 showed that estimates of the
AGCNS column inventories to 10X or better should
be adequate for sensitive detection of losses.
Under the sponsorship of Los Alamos, with parti-
cipation by AGNS, General Atomic Company, Towa
State University, and Clemson University, tech-
niques for estimating the inventory in_ the
pulsed-column contactors were developed.12,13

Flow rates of all inlet streams are moni-
tored to control the columna. For improved con-
trol and for NRTA, the concentrations of nuclear
materials in the feed, product, and waste streams
should also be meanured. Theae¢ measurements can
he used to estimate the in=-process inventorv of
nuclear materiala in the coulumns. The form of
the estimator is given by

H o= HeCp + HpCp ¢ WGy ()

where H is the total column inventory and Cj,
Cpi  and Cy are measurcd concentrations in feed,
product, and waste streama; Hg, H,, and N, are
constants determined expe;imentally &nd through
engineering models for each pulsed column.

Experiments at AGNS during run numbers 1 and
5 indicate that the column inventory estimates
are good to 5 rto 25% for individual columns and
to about 104 for the ctotal uranium inventorv in
all four pulsed columns. These column inventorv
experiments consisted of drainine the columna
into holding tanke at the end of the minirun.
The contents of the holding tanks were sampled
and analyeced for uranium, and the measured ura-
nium {nventory was compared with the eatimated
inventory for each of the cnlumna.

E. _Accounting Strategien

The definition of aeveral TPAAm with over-
i.pping houndaries wan deairable and poanible
becaune at certain points in the process there
were redundant mesaurementa. For example, the
IBP tank drop-out rate and the 2AF atream headpot
flow meter both measure the 2AF mtream flow rate.
Likewise, product nsolutions can he meamured in
the product catch tank, the product sample tank,
and the product storage tankes. Materiala-halance
data from overlapping UPAAs and redundant
measurements were useful in detecting and local-
iging losses and in maintaining continuity when
there were measurement problems.

The five UPAAs most often analyxed are:

1. Full Process U'PAA - includem the entire
closed loop of the plutonium purifica-
tion procens, as operated for the mini-
runs;

2. Column UPAA - isolates the cnlumna into
a single accounting area hounded hv the
1AP tank and the P concentrator:

3. 1BP surge tank UPAA - imolates the I1RP
surge tank bounded by the plutonium re-
work tank and the 2AF atream;

4. PPP UPAA - includes the columna and the
IPS concentrator with boundaries at the
1BP asurge tank and the Pu catch tank
(alternatively, the catch tank can bhe
included in the UPAA, and the aamrle
tank can be uaed for the output tranafer
measurement): and

5. Tank UI'PAA ~ isolates anv single tank in
the procesa as & separate UIPAA,

F. Results

Sample NRTA reaulta ohtained during mini-
rune 3, 4, and S are shown in Figs. 4=7. Data
analvaia using the materiala-halance and the
CNS™ gatatiatica are included in the sxamp)ra,
fach fipure nheows plote af the tear etatiatir and
the correaponding alarm chart. Fach teat arn-
tiatic in plotted meauentinllv in time with I~
error hara, The alarm chart ia A print plnat of
initial time va final time for each asaquence of
materials balance data that caumed an alarm, The
porition of each point on the chart indicatea the
time period over which each alarm occurred, The
significance of each alarm in indicated hv the
plotting avmbel., The letters A-C are used to
indicate increaning level! of nipnificance. Thus,
the chart indicates the relative importance of
alarmas and helps to localize them in time.

Figure 4 in n materiala-balance and alarm
chart for a static storape tank during minirun 1
over a perjnd when a nerien of abrunt d1iveraion
teats (5,2, 2.6, 1.3, 0.5, and N.2A kp of ura-
nium) was conducted, The firat and aecond
diversions cauned nignificant alarma, whereas the
other three removal s did nor generate anv aiarma
because thev ware not atatiatically mipnificanc.
The eatimated amnunt of material in the firat two
diversfonn in 4.0 and 1.1 kg, respectivelv. The
difference hetween the eatimated 1ean and the
true lors remults from differencen hetwern the
chemica! analvain af the diverted material and
the on=line concentratinn meanurementa for the
atorape tank,

Fipure % showt materiala~halance, CNSIM, aAnd
CU'SIM alarm charts far another (nonatatic) diver-
nion during miniron 3 from a arorage tank, The
CUSI'™ alarm chart showe numerocua, highlv aienifi-~
cant alarma representing long neausncen of mate-
riale balance data. Thin indicates that a nro-
tracted divernion teat occurred hetwesn 1700 on
1/17/80 and 090N on 7/1R/B0, resulting in the
removal of 4.1 kp of vranium. ACNR records larer
showed that 3.6 kg of uranium var remnved hetwern
1790 on 7/17/80 and 10%% on 7/1A/An,

Figure & shown materiala=halance, CUSI™M, and
CUSUM alarm charts for the column UPAA durinp A
100~hour time period of minirun 4, The onlv
prominent feature in the materialn-halance chart
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consists of three balances 50 hours into the

run. These balances result from a clerical error
in reporting a uranium product-concentration
analysin. Three separate positive trends are

apparent in the GUSUM, corresponding to twd prn-
tracted diversion testa from intarmediate column
product streams (20 to 40 hours from 2RP and RO
to 100 hours from 3BP) and a rapid loes of ura-
nium to acid waste (30 to 70 hours). The alarm
chart shows three clusters of alarma correapond-
ing to these diversion tests. All three trendsa
produced highly significant alarms.

Figure 7 shows a CUS!™M and its correspond=-
ing alarm chart for the column [UPAA (AF ntream
to 1BP stream) during minirun 9. During this
time period, some problems were experienced with
the 2AF flowmeter; vet we were able to draw
materials balances about this UPAA by uaing the
I1BP tank dropout rate instead of the flowmeter
to determine the input tranafer to the UPAA,
This 1illustrates the importance of includinp

MATERIALS BALANCE

CUSUM

2} ]
" 1
Wl
JUKIRGILI
2 5 10 15 20 25
TIME
8 T T y - 1
o T
| . |
UL
, .
il
2 s 1015 20 25
TIME

25 . . . —

20} ;
]

F st

% ry 1%:::%:?::::2:'0 25

FINAL TIME

Fie. 5. Tank 30% (1500 7/17/R0 - 1700

7/18/RAY: materfaln halance
chart (unper), CUSUM chart
{middle), and CUSUM alarm chart
(1ower).



MATERIALS BALANCE

CUSuM

[3.]

(=]

-5 |
-1 ! y : L  — [ 't I
2 40 60 80 100 120
TIME
“o T ~ T T T T T T T T
120+ -
100 F [ -
80} “l l| {
! L il
60 i 4
40 il -
20 -
o] Lot
-20 —t - L i TS WU G SR
0 20 40 60 80 100 120
TIME
'zo i ! T ' LA g L T T T
I -
109 F 1
1
W ‘ Er;;
| i
AAQDrrrr
- L vz .EEE .1
-l SOF ?lFP . p b -
= | el
3 gt iny
z % it .
Tt iR
(RREERS: Fagududzrittect:
2°h » 3"‘ r:r :; F;:‘E;"_: -
111 R FrEEErerrErEEly
g
— DY SR U T T T | N
% 20 40 G0 80 100 120
FINAL TIME
Fig. 6. Column UPAA (0700 9/4/80 - 1200

9/8/80): materials balance chart
(upper), CUSUM chart (middle), anc
CUSUM alarm chart (lower).

U il
2 ! m‘,H,N;mmmHHHIWWWH |

FINAL TIME

Fig. 7. Colump U'PAA (2000 11/1%/Rn ~ 1650
11/21/80:  cusum chart (upper’ and
cusum alarm chart (lower).

overlapping UPAA houndaries and redundant men-
surements in the design of NRTA navatems. The
CUSI™ shows a significant trend, and the corres-
ponding alarm chart indicates that the most mip-
nificant sequence atarted at € hours (nonn
11/19/80) and ended at 29 houra (N&Nn 11/20/8n0)Y,
During that time we eatimated thar 24 kp of
material was diverted. AGNS recorda later indi-
cated that 21 ke of material was removed from the
IBP tank during the perind 000D on 11/10/R}
thrcugh 0115 on 11/20/R1.

V. CONCLUSIONS AND FUTURE WORK

A, Concluainna

Subatantial propreas ham heen wmade in
developing and demonatrating near-real=time
svatems for reprocesaine plants. The resulta of
the AGNS miniruns show that the technique of
near-real-time accounting for nuclear materiala
can det.ct losses from the process area of a
large nuclear fuels reprocessing plant, The
minirun experiments also show that the functionns
and in-plant systems of NRTA and process control
are compatible and mutually supportive.




Measurements of flow rates and concentra-
tions are needed on process streams, including
wagte streams, that crogs accounting area bound-
aries. Some of these measurements can be
obtained from process flowmeters and instrumen-
tation on adjacent process vessels. A few
meagurements at flow key measurement points
require the placement of nondestructive instru-
mentation on available sample lines.

In-process inventory measurements and esti-
nates for process tanks and vessels usually can
be obtained from available process control data.
Thase measurements in general need not be as
accurate or precise and may be made less often
than the flow measurements. Estimates that are
satisfactory for NRTA by combining flow and con-
centration measurements on inlet and outlet
streams with pulsed-column models :an be made of
the in-process inventory in pulsed columns.

Overlapping UPAAs and redundant measurements
sre helpful for system reliability and for
localization and detection of losses.

Computerized analysis and display methods
geared to ease of understanding and interpreting
the data and the status of the process are
necessary components of near-real-time gyatems.

B. Future Work

The reprocessing facility is an integrated
vhole, and the safeguards system must address the
entire facility. Further in-plant testing of
NRTA is required throughout rthe entire process
to refine the technique, particularly the use of
data from on-line instrumentation. Process
monitoring data generally are sensitive to amall
changes in process tanks and columns and should
be better intcgrated into the overall system.
The final integrated system must be tested in a
"hot" facility.

The credibility of these systems for inter-
national safeguards must be demonstrated through
tegts jointly with the IAEA. These teats are
necessary to develop specific inspectur-verifica-
tion methods for near-real-time systems and to
evaluate the overall sensitivity to diversion.
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